The climacteric is considered a natural phase in a woman's aging process and is defined as the period starting from the decline in ovarian activity until after the end of ovarian function. Genitourinary syndrome of menopause (GSM) is commonly observed in menopausal women and is characterised by a collection of symptoms resulting from changes to the internal and external genitalia as well as the lower urinary tract. Several studies have demonstrated the close association between sexual dysfunction and symptoms related to GSM. Many medications, at different doses, have been studied over the years for the treatment of the symptoms of GSM. More specifically, ultralow-dose intravaginal oestriol and intravaginal dehydroepiandrosterone (DHEA) are reported to improve symptoms, signs, and quality of life of women with GSM, and they are safe owing to their specific local effect. While the dosage and the administration of intravaginal DHEA are well defined, the literature on intravaginal oestriol is less uniform: different doses and times of administration are proposed with different possible combinations with other non-pharmacological therapies, although a more standardised treatment may be necessary. The aim of this review is to summarise the available data about the effects of ultralowconcentration oestriol and intravaginal DHEA on the menopause-related symptoms, quality of life, and sexual function of women affected by GSM.
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Climacteric is considered a natural phase in a woman's aging process and is defined as the period starting from the decline in ovarian activity until the end of ovarian function. Natural menopause is defined as the permanent cessation of menstrual periods, after 12 months of amenorrhoea without any other pathological or physiological cause. It is characterised by a decrease in ovarian function with a consequent reduction in oestrogen levels. This condition, which involves the whole of the woman's body, has several manifestations: vasomotor symptoms, vulvovaginal atrophy, depression, reduced cognitive function, osteoporosis, and an increased risk of cardiovascular diseases and malignancy [1] [2] [3] [4] . Furthermore, it has been highlighted that in postmenopausal women, a higher burden of climacteric symptoms is associated with pelvic organ prolapse and urinary incontinence [5] [6] [7] [8] [9] [10] .
Vulvovaginal atrophy (VVA) is defined as a progressive, chronic condition that manifests itself as involution of the vulvovaginal mucous membranes and tis-sues due to the menopausal drop in oestrogen levels [11] [12] [13] . Recently, the term VVA has been replaced by the more scientifically accurate term "genitourinary syndrome of menopause" (GSM) [14, 15] .
Genitourinary syndrome of menopause
GSM is commonly observed in menopausal women and is characterised by a collection of symptoms resulting from changes to the internal and external genitalia as well as the lower urinary tract [14] . Changes in objective and subjective symptoms are present in 25% to 50% of all postmenopausal women [16] . In fact, various cohort studies reported a 27% to 55% prevalence of GSM in postmenopausal women and estimated that such symptoms persist in 10% to 25% of women even after receiving hormonal therapy [17, 18] . More recent studies show a prevalence of GSM ranging from 50% to 84% [19] [20] [21] , and it may be even higher because symptoms of GSM may also involve premenopausal women with a hypoestrogenic state, such as women with premature ovarian failure, hypothalamic amenorrhoea, surgical menopause, and those who were treated with systemic chemotherapy or pelvic irradiation [22, 23] . The risk factors of GSM include cigarette smoking and alcohol abuse, which are correlated with a reduction in oestrogen levels and an absence of vaginal childbirth [24] . Before the climacteric period, the vagina is composed of thick layers of healthy cells, and oestrogen encourages the growth and development of these cells; therefore, vaginal epithelium remains multi-layered, and vaginal walls are supple and elastic [16, 25] . The vaginal epithelium is rich in glycogen, which is metabolised from lactobacilli in lactic acid, maintaining an acid pH and providing natural protection against infections. Furthermore, oestrogen levels allow vaginal secretions and lubrication through the production of acid mucopolysaccharides and hyaluronic acid, and optimise vaginal blood flow [22, 24] . The progressive reduction in circulating oestrogen, which occurs following the cessation of ovarian function, induces various metabolic and tissue changes, which are most prominent in the genital tract due to its particular sensitivity to variations in sex hormone levels [16, 26] . The consequences are a reduction in lubrication, vascular blood, and vaginal elasticity and an increased friability of the vaginal vault. The reduction in lactobacilli changes the vaginal environment to an alkaline pH of more than 5 [22, 24] . All these changes are responsible for the clinical manifestations of GSM, which may include genital symptoms of dryness, burning, and irritation; sexual symptoms of lack of lubrication, discomfort or pain, and impaired function; as well as urinary symptoms of urgency, dysuria, and recurrent urinary tract infections [14, 15, 27, 28] . The diagnosis is clinical and is based on anamnesis and physical examination. The most common and bothersome symptom is vaginal dryness [29, 30] , and common physical findings are pallor or erythema, labia minora resorption, tissue fragility, loss of vaginal rugae, urethral eversion or prolapse, and introital retraction [31] . Furthermore, a vaginal smear using Rakoff staining allows the evaluation of the Vaginal Maturity Index (VMI), which calculates the number of parabasal, intermediate, and superficial cells and reflects the maturation of the vaginal epithelium [22] . In addition, a vaginal pH > 5 may be useful in the diagnosis.
The effects of genitourinary syndrome of menopause on quality of life, sexual function, and psychological well-being Female sexual dysfunction (FSD) is defined as a disorder including female sexual interest/arousal disorder, orgasmic disorder, and genito-pelvic pain/penetration disorders [32] . The aetiology of these problem is multifactorial, involving advanced age, chronic diseases, psychological factors, medications, menopause, history of operative vaginal delivery, gynaecological surgery, urinary incontinence, gynaecological cancer, and infertility [2, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] .
The risk of sexual dysfunction for menopausal women is greater in cases of increasing age and decreasing oestrogen [45] [46] [47] [48] . It has been estimated that 9.7 million American women aged 50 to 74 years suffer from FSD and report diminished vaginal lubrication, pain and discomfort with intercourse, decreased arousal, and difficulty achieving orgasm [45] . Aspects of sexual function that are affected by menopause include lubrication, orgasm, and sexual pain [46] . In fact, vaginal innervation seems to increase in response to lower oestrogen levels [31] . Furthermore, GSM also has an important psychological effect: VVA makes women feel older, uncomfortable, less feminine, frustrated, worried, anxious, and depressed [49] . Data from two large studies, VVIVA (Vaginal Health: Insights, Views, & Attitudes) [50] and REVIVE (REal Women's VIews of Treatment Options for Menopausal Vaginal ChangEs) [51] , which were carried out by direct interviews with postmenopausal women, are extremely important to understand the multidimensionality of this disorder, how it can influence relationships, and, more generally, how it impacts quality of life (QoL). Other studies have demonstrated the association between sexual dysfunction and symptoms related to GSM by analysing the QoL of these women through the MEN-QoL (menopausal quality of life) questionnaire [52] . In some cases, GSM was found to affect even daily activities such as sleep and enjoyment of life [53] , and a consistent number of women suffering from GSM are worried about the longterm effects on their relationships with their partners. Approximately 40% of them avoid intimacy because of painful sex or loss of sex drive and have difficulty discussing their discomfort with their partners [54] .
Another important aspect of FSD is that it is often underdiagnosed and undertreated. Only about 60% discuss this disorder with their health care provider (HCP), and the most common reported reasons for never discussing GSM symptoms with the HCP are the belief that this condition is a natural part of the aging phenomenon or that symptoms are not bothersome enough to warrant discussion [49] . To confirm the complexity of this phenomenon, studies that have evaluated the effects of treatments for FSD have highlighted how medications alone do not solve the problem and psychotherapies are often needed [55] . Furthermore, a recent meta-analysis demonstrated that 67.7% of the treatment effect for medications targeting FSD is accounted for by placebo [56] . These results reflect, on the one hand, the limits of some medications and, on the other, the need for a better knowledge of the mechanisms underlying FSD. Literature about the relationship between GSM and FSD is still controversial: several studies underline that sexual function is impaired by GSM but there are still few data on a significant association between these two conditions [45, 46] . Therefore, further studies about this topic are needed.
Intravaginal ultralow-concentration oestriol: pro and cons
According to the North American Menopause Society (NAMS), women with GSM might use nonhormonal vaginal lubricants with sexual activity, long-acting vaginal moisturisers several times a week, and regular sexual activity; these are a first-line therapy. Women who will not obtain any benefit from these methods are candidates for low-dose vaginal oestrogen therapy, and if this also fails, the final step is the use of transdermal and oral hormones, including oral ospemifene [16] . Recommendations from 2017 suggests that low-dose vaginal oestrogen preparations are preferred in women with GSM, whereas non-oestrogen therapies that improve these kinds of symptoms include ospemifene and intravaginal DHEA. In those recommendations nonhormonal therapies are recommended for women with breast or endometrial cancers or those with high risk of such cancers [57] . The updated NAMS recommendations state that hormonal therapy is the most effective for GSM and vasomotor syndrome. Hormone therapy should be individually selected according to patients' personal preferences, health risks, as well as time since menopause. In patients after menopause, who suffer from isolated genitourinary symptoms, low-dose vaginal oestrogen therapy is recommended as the gold standard [57] . These recommendations are based on publications confirming the beneficial effect of local oestrogen therapy on the restoration of vaginal anatomy and environment; however, the data taken into account are still qualified as low-quality evidence [58] .
For women with moderate to severe vulvovaginal symptoms, who do not benefit from the use of lubricants and moisturisers, oestrogen therapy is generally recommended as a therapeutic standard [46] . Oestradiol is the predominant oestrogen produced by the ovaries in premenopausal women. It is oxidised to oestrone and both oestradiol and oestrone can be converted to oestriol by the liver. Although oestriol bioavailability is higher than oestradiol because of its lower affinity for the sex hormone binding protein [59] , oestriol has lower oestrogenic potency than oestradiol (ranging from 1 : 10 to 1 : 100) [60] and greater relative affinity for oestrogen receptor-β than for oestrogen receptor-α, thus minimising extravaginal effects [61] . For this reason, a sequential progesterone for endometrial protection can be omitted [59] .
Oestrogen can be administered in two main ways: orally and transdermally (patches, gel, spray) [62] . It is known that 0.5-1 mg intravaginal oestriol is well absorbed by an atrophic epithelium, and it is equivalent to oral doses of 8-12 mg [63] . Furthermore, oral oestriol administration is associated with entero-hepatic recirculation with prolonged exposure, whereas only 20% of oestriol applied intravaginally reaches the circulation [59] . Intravaginal oestriol improves symptoms of GSM, sexual health, and, more generally, women's QoL [64] . This improvement is confirmed by objective findings: reduction in VVA, changes in the vaginal environment, lowered pH, improvement in pap smear and colposcopic parameters and increased VMI. Intravaginal oestriol is also effective on the urinary tract and it has been shown to improve symptoms and urodynamic parameters even in overactive bladder [9] .
Currently, the lowest local dose of oestrogen for the shortest period may be prescribed to women experiencing vaginal symptoms [65] . In fact, a new ultralow-dose oestriol vaginal gel formulation (0.005% oestriol vaginal gel), which significantly enhances oestriol delivery to vaginal tissue, compared with existing formulations, has been developed, thus allowing the use of much lower doses of oestriol to treat vaginal atrophy [9] . Several studies have reported satisfactory results with ultralow doses of intravaginal oestriol: as little as 0.03 mg is sufficient to improve the clinical manifestations of GSM [64, [66] [67] [68] [69] . Intravaginal oestriol can be applied through pessaries [66, 67] , gel, or tablets, and the most common regimen is a daily application for 2-4 weeks followed by a maintenance of two or three applications per week for 2-6 months [64, 68, 69] . A combination of 0.03 mg intravaginal oestriol and lactobacilli and/or pelvic floor rehabilitation has yielded positive results, demonstrating a further improvement in oestriol benefits with the association of non-pharmacological therapies [64, 65, 68, 70] . However, the main concerns regarding oestro-gen administration are side-effects, although few have been observed for intravaginal oestriol, and those that have are mainly local: irritation, burning sensation, itching, and leucorrhoea [71] . Furthermore, some studies have shown, on the basis of blood concentrations, that the profile for oestriol is safe because of its very low systemic bioavailability [66, 69] , and no correlations have been found between intravaginal oestriol administration and increased endometrial thickness [59, 72] .
Among the major concerns of the use of local oestrogen therapy in GSM are patients with hormone receptor-positive breast cancer. Clinicians suspects that the hormones absorbed through the vaginal wall may stimulate cancer recurrence [73, 74] . The available data are somehow unclear as the results from the studies in this matter are conflicting [75, 76] . According to Donders et al., the low-dose oestriol therapy in patients during aromatase inhibitor treatment suffering from GSM-related issues can be considered as safe and efficacious because this method of treatment does not increase oestradiol and oestrogen levels [68] . In summary, local oestrogen therapy in hormone receptor-positive breast cancer is not contraindicated; however, it seems that the best course of action is caution in the use of these agents and monitoring of serum levels using the best available methods [74] . Additional clinical trials are necessary for further conclusions and to establish treatment standards in these patients.
Intravaginal dehydroepiandrosterone: pro and cons
Many other drugs, at different doses, have been studied over the years for the treatment of the symptoms of GSM. A new approach to treating GSM in postmenopausal women is the intravaginal administration of dehydroepiandrosterone (DHEA). DHEA and its sulphate (DHEAS) are the most abundant circulating sex steroids found in women [77] . DHEA is mainly produced in the adrenal cortex [78] but also by the testes [79] and ovaries [80] and can be synthesised within the brain [81] , whereas DHEAS is a unique secretory product of the adrenal zona reticularis [77] . It has been demonstrated that DHEA is metabolised in peripheral tissues first to androstenedione and then to oestradiol (E2) or testosterone where it elicits an oestrogen effect or an androgenic effect according to the mechanisms of intracrinology [82] [83] [84] . The secretion of DHEA decreases with age, with an average 60% decrease during menopause [85] . This reduction in the secretion of DHEA is associated with a parallel fall in the formation of oestrogens and androgens in peripheral target tissues, determining the most common symptoms and signs of menopause, including GSM [85, 86] . A number of studies have shown that DHEA administered intravaginally over a 12-week period reduces vaginal pH and improves the VMI with a better physical appearance of the vagina from 86% to 121% over the placebo effect [87, 88] . Moreover, recent data have underlined the benefits of the local intravaginal action of DHEA on QoL and all domains of sexual dysfunction, especially in the most bothersome symptoms (dyspareunia and vaginal dryness), with an improvement of 41.3% compared with placebo [89, 90] . One study also showed that the treatment has a positive effect on their partners' opinion [91] .
The most common intravaginal dosage for DHEA (also called prasterone) is 6.5 mg daily for 12 weeks. Some studies have shown that a lower dosage does not yield the same results [83] and that it is also less effective if administered only twice a week as maintenance therapy [92] . The mechanism of intracrinology explains the local effect of DHEA as well as the results of several studies that have demonstrated an absence of increased blood oestrogen and testosterone levels after DHEA administration for up to 12 months [93] [94] [95] , which in turn means that side effects are almost absent: Labrie et al. reported vaginal discharge due to melting of the vehicle at body temperature in 6% of women during intravaginal DHEA administration [88] . Even the androgenic side-effects such as acne and hirsutism, which might arouse more concern, seem to be rarely associated with DHEA, and only when administered orally [83] . When Portman et al. analysed the effects of DHEA on endometrium through biopsies at the end of a 12-week intravaginal treatment, the results showed atrophic or inactive endometrium, confirming the local effect of DHEA and its safety [96] . Although there is some evidence to support the use of intravaginal DHEA for postmenopausal women with symptoms of vaginal atrophy, further studies are needed to confirm this.
Ospemifene
The above-mentioned compounds are at the backbone of the treatment of patients suffering from GSM. It seems, however, that an additional information about good alternatives cannot be omitted. Ospemifene is a novel selective oestrogen receptor modulator (SERM) acting similarly to an oestrogen on the vaginal epithelium, which was primarily developed to treat postmenopausal osteoporosis [97] . Ospemifene is mentioned in NAMS recommendations in some indications in women with GSM [16] . According to the recent publication by Bruyniks et al., the clinical effect of ospemifene in patients with GSM is similar or even better than that of topical vaginal oestrogens [98] . The important thing is that the safety profile of this SERM appears to be similar to that of locally applied oestrogens. The authors of this review highlight that one of the main differences between ospemifene and local oestrogen that should be taken into account is that they are recommended only in shortest possible duration, whereas ospemifene can be used for longer periods [98] . Biglia et al. indicated also that ospemifene might be proposed as a safe option for women with breast cancer, even if this point requires additional studies [99] . Due to the extent of ospemifene in menopause and GSM, this manuscript does not cover the subject matter as a whole.
Conclusions
There is still a great deal of uncertainty regarding the treatments for GSM. We analysed two of these treatments: both ultralow dose intravaginal oestriol and intravaginal DHEA are reported to improve symptoms, signs, and quality of life of women with GSM, and they are safe owing to their specific local effect. While the dosage and the administration of intravaginal DHEA are well defined, the literature on intravaginal oestriol is less uniform: different doses and times of administration are proposed with different possible combinations with other non-pharmacological therapies, although a more standardised treatment may be necessary. Furthermore, a comparison between oestriol and DHEA and a definition of the type of women who may benefit most from each treatment might be useful.
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